CONTEXT AND OBJECTIVE: Being born heavier than 4 kg is associated with current overweight and obesity over the long term. The objective here was to ascertain whether birth weight was related to overweight or obese status, among 7 to 14-year-old schoolchildren, taking into consideration the possible interactions between socioeconomic factors and other biological variables. DESIGN AND SETTING: Retrospective cohort study on a probabilistic sample of 2,696 children and adolescents living in Florianópolis, Santa Catarina, Brazil.
INTRODUCTION
Among the factors associated with obesity, significant attention has been given to birth weight. High birth weight (HBW), especially greater than or equal to 4 kg, 1 has been correlated with overweight and/or obesity over the long term, in epidemiological studies. [2] [3] [4] [5] Particularly in developed countries, HBW is the main risk factor for obesity among children and adolescents whose mothers were affected by gestational diabetes mellitus, because of the elevated number of adipose cells acquired by the infant. 6 However, other factors may overlap the association between birth weight and overweight/obesity, such as the mother's body mass index (BMI), 7 both the mother's and the father's BMI, 8 family income 3, 8 and the type of school attended, with regard to developing countries. 9 These factors may reduce the importance of the birth weight variable in multivariate analysis. 3 Systematic reviews have shown that correlations between birth weight and overweight/obesity among children not only have presented contradictory results, but also have differed regarding the methods used. Thus, these reviews have demonstrated that research on this subject needs to be conducted with the proper methodological rigor, in order to identify factors that might reduce the effect of birth weight on overweight or obesity among children and adolescents. 10, 11 Because of the contradictions in these studies, it is important to clarify the association between birth weight and overweight/obesity, so as to determine the stage of life at which this relationship first appears. Longitudinal studies have revealed these associations in adulthood. 12, 13 A study conducted in the city of Florianópolis in the year 2002 by de Assis et al. 14 , among children aged 7-9 years, found that the prevalence of overweight (including obesity) was 22.1%, in accordance with the criteria of Cole et al. 15 Data from this city's live births registry, obtained in 2005, showed that the prevalence of low birth weight (LBW) among live births in Florianópolis was 8.3%. 16 These proportions are similar to those found in developed countries, where an increase in HBW has been observed with a simultaneous decrease in LBW. 17, 18 Florianópolis was classified as the fourth highest city in Brazil in terms of human development in 2000 and the third city in 2013. 19, 20 Thus, the importance of the present study lies in the fact that in Florianópolis, elevated HBW prevalence that could be correlated with high rates of overweight and obesity would be expected.
OBJECTIVE
The purpose of this study was to investigate whether overweight and obese children and adolescents aged 7 to 14 years living in through project number 028/06.
Sample
The sampling was divided into two stages. Firstly, the 221 schools Sample size was calculated taking the prevalence of overweight (including obesity) among children aged 7 to 9.9 years to be 10%, 21 and 17% for adolescents aged 10 to 14 years, 22 with 95% confidence levels and a two-tailed sampling error of 2%.
The design effect was estimated to be 1.3 and the power was taken to be 80%. This calculation resulted in a requirement for a sample size of 1,100 children aged 7 to 9.9 years and 700 adolescents aged 10 to 14.99 years. In addition, all the children who had participated in a previous study conducted in 2002, 14 and who in 2007 were adolescents enrolled in these randomly selected schools were also included. It was possible to locate 30% of all the students who had participated in the previous study in these randomly selected schools.
Considering the error margins for losses in tests, the total sample was estimated to be 1,200 children and 1,900 adolescents (800 new adolescents plus 1,100 adolescents from the previous study). Data on 2,863 students were collected. Those younger than seven years of age (n = 18) and those who were 15 years or over (n = 16) were excluded, as were those for whom no valid data for weight (n = 2) or birth weight (n = 131) was available.
Thus, the final sample investigated comprised 2,696 students (857 children and 1,839 adolescents), i.e. 94% of the total. A pilot study was conducted among subjects who were not included in the sample and, following the recommendations from the World Health Organization, 26 the intra-rater technical measurement error (TME) for skinfold (SF) measurements was calculated. The intra-rater TME showed a reliability coefficient (R) greater than 0.95, which showed that all of the anthropometry technicians made skinfold measurements properly, thus resulting in low variability in the data. 23 The data were entered into EpiData 3.2 and were fully checked by the duly trained data entry team, and automatic consistency and amplitude checks were made.
Data collection

Statistical variables and analysis
The outcome variables were overweight and obesity. Overweight was defined as BMI ≥ 85 th percentile, according to age and gender, as proposed by Must et al. 27 and as recommended by the Brazilian Ministry of Health until the year 2008. 28 Obesity was defined as BMI ≥ 85 th percentile, according to age and gender, as proposed by Must et al., 27 along with triceps and subscapular skinfolds in millimeters (mm) ≥ 90 th percentile as proposed by Johnson et al. 29 The criteria of Must et al. 27 were chosen because they are widely used in the literature and have been recommended by the World Health Organization. 24 These were also recommended by the Brazilian Ministry of Health 28 for evaluating nutritional status among children and adolescents until 2008, when this study was conducted.
Birth weight and birth weight according to gestational age were the independent variables (or exposure) and were classified as follows: a) birth weight was classified as a single piece of data, as LBW (< 3,000 g), appropriate birth weight (ABW; between 3,000 and 3,999 g) and HBW (≥ 4,000 g); 24, 30 and b) birth weight was correlated with gestational age in order to classify schoolchildren as small for gestational age (SGA), i.e. below the 10 th percentile; appropriate for gestational age (AGA), i.e. between the 10 th and the 90 th percentiles; and large for gestational age (LGA),
i.e. above the 90 th percentile. 30 The World Health Organization classifies children as presenting insufficient birth weight if they are born weighing between 1,500 and 2,999 g and as presenting low birth weight if they are born weighing 2,500 g or less. 24 In our study, these categories were unified because the number of responses was low and this could have hidden an association between the outcome and the independent variables.
The control variables analyzed were the following: age and An analysis on the consistency of the database was made using the Stata version 9.0 statistical package.
A descriptive analysis was conducted to show the prevalence ratios of overweight and obesity for each independent variable, and the prevalence of LBW, HBW, SGA and LGA.
In an inferential analysis, models divided by age group and gender were used to calculate associations among children aged 7 to 9.9 years and, separately, among adolescents 10 to 14.9 years, because of the possible effect of sexual maturation among the adolescents and the differences between genders regarding the prevalences of overweight and obesity. In order to compare the prevalences of overweight and obesity for the different categories within each variable studied, an analysis was performed using Pearson's modified contingency coefficient, based on chi-square statistics.
Poisson univariate analysis was used to investigate association between birth weight (independent variable) and overweight and obesity (outcomes). Multivariate analysis was performed to ascertain the extent to which the exposure variables influenced the outcomes. Additionally, 95% confidence interval (95% CI) and P-values were estimated. The Poisson analysis model was used because for high-prevalence outcomes in cross-sectional studies (more than 10%), odds ratio estimates are said to either overestimate or underestimate associations with outcomes, in comparison with prevalence ratios. 33, 34 All the analysis took into consideration the effect of the sampling design, through the svy command in the Stata software, which is used to analyze data from complex samples. Associations among the variables for which the P-value was ≤ 0.05 were considered to be statistically significant.
RESULTS
Data on 2,863 children (aged 7-9 years) and adolescents (aged 10-14 years) were collected. The proportion of the data that comprised refusals or exclusions was 5.8%. Students less than 7 years of age (n = 18) and more than 14.9 years of age (n = 16) were excluded because these ages were outside of the study range.
Invalid weight data (less than 10 kg, n = 2) and birth weight (lower than 800 grams, n = 131, and higher than 6 kg) were also excluded. Occurrences of no response or discrepant values were considered to be invalid data. Thus, 2,696 students (857 children and 1,839 adolescents) were studied. In relation to the initial number calculated (3,100), this study presented a data loss rate of 13%. Table 1 describes the data on the population studied.
The LBW prevalences among the children and adolescents were respectively 8.2% and 7.8%. HBW was found in 7.4% and 7.9% of the children and adolescents, respectively. The prevalences of children and adolescents who were born SGA were 14.4% and 13.0%, respectively. Children and adolescents who were born LGA accounted for respectively 10.2% and 12.9%.
The prevalence of overweight among the children was 31.5%
and of obesity, 10.9%. Among the adolescents, the prevalence of overweight was 21.0% and of obesity, 6.0%. Table 2 shows the prevalences of overweight and obesity among the children according to gender and the variables investigated. In this table, it can seen that the prevalence of overweight among children was significantly higher in the following cases: boys born LGA (P = 0.02);
children of both genders whose mothers were obese (P = 0.008 for boys and 0.001 for girls); and boys whose fathers were obese (P = 0.02). The prevalence of obesity was higher among girls whose mothers were obese (P < 0.001); and among boys whose fathers were obese (P = 0.05). The other variables investigated did not demonstrate any significant association with overweight or obesity in children (Pearson chi-square test). Table 3 shows the prevalences of overweight and obesity among the adolescents (10-14 years of age). The prevalence of overweight was higher among the following: boys with HBW (P = 0.01) and LGA (0.01); boys in the top monthly per capita income quartile (P = 0.01); boys whose mothers (P = 0.003) and fathers (P < 0.001) were obese; girls who attended public schools (P = 0.001); and girls whose mothers (P < 0.001) or fathers (P = 0.002) were obese. The prevalence of obesity was higher among the following: adolescents with HBW (P = 0.002);
LGA (P = 0.001); and those whose mothers (P < 0.001) or fathers (P = 0.03) were obese (Pearson chi-square test). analysis (Table 2) , it ceased to be correlated after controlling for confounding. The father's and mother's BMI were probably the variables that were most strongly associated with the outcomes. Table 5 shows the prevalence ratios for obesity among adolescents and their adjusted associations with birth weight. A significant association was found between birth weight and overweight among male adolescents, for those with HBW (PR = 1.14;
95% CI = 1.02-1.27; P = 0.03). However, it needs to be noted that this association observed between HBW and overweight among male adolescents was weak, because the prevalence of overweight among the male adolescents born with high birth weight was only 1.14 times greater than the prevalence of overweight found among adolescents born with appropriate weight. Hence, birth weight does not seem to be the principal factor that determines overweight in adolescence. Birth weight and birth weight according to gestational age were not significantly associated with
These data show that a higher number of variables were associated with overweight and obesity among adolescents (12) than among children (6) . Among children, the biological variables (birth weight for boys and parental BMI for both genders)
were those that established a positive, proportional and significant association with the prevalences of overweight and obesity.
Among adolescents, socioeconomic variables (kind of school and family income) were also associated in addition to the biological variables. The main variable of interest (birth weight) seemed to be associated only among males. 
DISCUSSION
Investigating the influence of birth weight on overweight and obesity among children and adolescents is important, according to public health studies. This study in Florianópolis was justified by the city's high Human Development Index, which reached the fourth position in Brazil in 2000 and this index is continually increasing. Currently, Florianópolis is the third city in the country in terms of human development. 19, 20 Moreover, the prevalence of newborns who were LGA (10.2% among the children and 12.9% among the adolescents), was similar, in 2000, to that found in developed countries. 17, 18 The LBW prevalence found in this study (around 8%) is similar to that recorded in the Ministry of Health's Live Births
Registry for the city of Florianópolis, which was 8.3% in 2005, 16 and the same has been found in developing countries such as Argentina and Mexico. 35 However, it must be pointed out that intrauterine growth restriction, which is an indication of poor nutrition during pregnancy, reached 27.4% in this study.
The prevalences of overweight and obesity found in this survey (31.5% and 21% of the children and adolescents, respectively, were overweight and 10.9% and 6% were obese) were similar to those found in other studies on schoolchildren that used the same diagnostic criteria. For example, an assessment made by Dutra et al. 5 on 810 adolescents aged 10 to 19 years in the city of Pelotas found that 19.3% of this population were overweight. Elevated proportions of overweight including obesity also were found among preschool children (28.8%) in Taubaté (state of São Paulo) and of obesity among children less than two years of age (10%) in Campinas (state of São Paulo). 36, 37 These findings may indicate that overweight and obese infants also tend to have overweight and obesity during childhood and adolescence.
Regarding the influence of birth weight on the prevalence of overweight in the sample investigated, a significant association was found in the univariate Poisson regression analysis for male adolescents who were born LGA. No association between birth weight and overweight was found among children of both genders, or among female adolescents. In an analysis adjusted for the parental socioeconomic and biological variables, the most significant association found was between HBW and overweight among male adolescents. Additionally, associations with obesity were found in univariate analysis for male adolescents who were born LGA and for those with HBW. However, after inclusion of parental socioeconomic variables and parental BMI in the multivariate analysis, the associations with obesity ceased to be significant.
Gilman et al. 4 conducted a cross-sectional study on a cohort of 7,981 children and adolescents aged 9 to 14 years in the 38 conducted a cross-sectional study assessing 700 children and adolescents aged 5 to .02) aj = adjusted; PR = prevalence ratio; SGA = small for gestational age; AGA = appropriate for gestational age; LGA = large for gestational age. *Analysis adjusted for socioeconomic variables (family income, type of school, i.e. public or private, and father's and mother's schooling levels) and biological variables (father's and mother's body mass index). Monteiro et al. 3 obtained similar results to those of the present study, in a cross-sectional investigation embedded in a cohort of children born in the city of Pelotas in 1982. Using the same diagnostic criteria for overweight and obesity as used in this study, they also found through a univariate analysis that there was an association between birth weight according to gestational age and obesity (i.e. being born LGA) among adolescents aged 14 to 16 years. However, the association did not remain significant after adjusting for family income and maternal BMI.
The present study showed that being born with high birth weight is a factor associated with overweight among male adolescents. However, this association seemed to be weakened by the variables of obesity in the mother and obesity in the father, in the multivariate analysis. In childhood, this association between birth weight and overweight/obesity was not observed.
This seems biologically plausible, since there are reports in the literature showing a strong association between these variables in adulthood. 39 So, even though it was not so strong, the relationship between overweight in male adolescents and being born with high birth weight indicates that health services should promote nutritional monitoring among adolescents with a focus on lifestyle, in order to reduce the chances of overweight and obesity in adulthood. In addition, it is recommended that epidemiologists and other researchers should investigate whether adolescents with elevated birth weight were born from mothers who presented gestational obesity or gestational diabetes, because the origins of overweight may be found in intrauterine development.
In relation to birth weight and parental weight and height, it should be stressed that this information was reported by the children's legal guardians through a self-administered questionnaire. This method was chosen in order to make it easier to collect data and administer the data collection . 40 However, when stratifying birth weight information, the authors found that reported information tended to be overestimated in the case of LBW children and underestimated in the case of HBW children.
They pointed out that the linear relationship between birth weight and BMI was more consistent when birth weight was measured immediately after birth and not so precise when birth weight was reported. Therefore, validation for birth weight measurements in a subsample is highly recommended, so as to compare the reported variable with data gathered by hospital registries or on health record cards.
In spite of these limitations, the present study had external validity, was probabilistic and had a complex sampling plan.
Additionally, the researchers took care to train the anthropometry technicians, which resulted in reliable data. In addition to appropriate data gathering, care was taken in compiling the research data, which were fully entered and checked by a trained team, using software that enables data entry control. Therefore, the results from this study seem not to have been influenced by selection or measurement bias.
CONCLUSION
No significant association was found between high birth weight/being born large for gestational age and obesity after adjusting for the control variables, either among children or among adolescents. The same results were found for low birth weight and being born small for gestational age. Even though the association was not very strong, a relationship between high birth weight and overweight among male adolescents was observed. 
